Abstract. IRON is a low level operator dedicated to the estimation of single and multiple local orientations in images. Previous works have shown that IRON is more accurate and more selective than Gabor and Steerable filters, for textures corrupted with Gaussian noise. In this paper, we propose two new features. The first one is dedicated to the estimation of orientation in images damaged by impulsive noise. The second one applies when images are corrupted with an amplitude modulation, such as an inhomogeneous lighting.
Introduction
For three decades, many works have concerned orientation estimation in images. Applications of orientation estimation concern, for example, texture characterization [4] [8], anisotropic diffusion [11] [13] or image segmentation [2] .
Orientations have specific characteristics which have to be taken into account in the estimation process. First, orientation doesn't always exist. In case of uniform grey level images or isotropic textures, no orientation can be estimated. Besides, when orientation exists, it depends on the scale of analysis. Considering that, generally, statistical techniques can be used to derive large scale orientation from local orientation [1] [7] [2], we will focus on local orientation estimation.
Differential approaches [5] [8] are conventional for local orientation estimation. They are based on the local computation of first or second order derivatives of all the points of the image. Nevertheless these methods fail if more than one single orientation appear at a given location. In such a case, the response of derivative operators results from a non-linear mixture of the true local orientations.
Other popular methods for orientation estimation are based on a set of oriented filters. Among them, we can quote Gabor filters [2] [3] and Steerable filters [6] [10]. Operator IRON (Isotropic and Recursive Orientation Network) is another example of an oriented operator [9] . It consists in an oriented network of parallel lines along which we compute a homogeneity feature. The output of this feature indicates the confidence in the tested orientation. For such methods, accuracy and selectivity both depend on the number of filters and on the size of their computing support. Exercised on synthetic and real images, IRON provides more accuracy, noise robustness and selectivity than Gabor or Steerable filters [9] . These methods are generally well suited for multiple local orientation estimation. Nevertheless, in some specific circumstances, they are unable to provide accurate and robust estimations. More particularly, we have found that when amplitude modulation occurs, orientation estimation becomes biased. Figure 1 shows a texture for which the sinusoidal profile is modulated with an affine function. This is the kind of images resulting, for example, from an inhomogeneous lighting. In this case, amplitude modulation affects the direction of isolevel curves which are not anymore equal to the perception of the orientation from the uncorrupted image. Therefore, all the classical orientation operators will provide us with an erroneous estimation.
When impulse noise occurs, classical operators also fail to estimate orientations properly. Figure 2a shows a directional texture corrupted with salt and pepper noise. Figure 2b shows the local orientation estimation in this picture, using Gabor filters. The size of the computing support is equivalent the size of the arrows. Indeed, the salt and pepper noise affects significantly the orientation estimation. Other estimators such as the Steerable Filters or Gradient masks would provide even worse estimations at the same scale.
In this paper, we propose two new homogeneity features for IRON, in order to deal with each of these problems. The first one relies on the Robust Homogeneity Function (RHF) instead of variance estimation, and will be effective in case of impulse noise. The second one, based on the identification of local affine modulation parameters, solves the case of amplitude modulation.
In the second part of this paper, we shortly describe IRON, already introduced in [9] . In the third part, we propose two new homogeneity features. The first one is dedicated to images corrupted by impulse noise, and the second one to amplitude modulated directional textures. In the fourth part, we present and discuss some results.
